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A B S T R A C T
Background: The Leishmaniases are caused by the protozoan parasites of the genus Leishmania and are trans-
mitted to humans by the bite of infected female phlebotomine sand ﬂies. Both visceral and cutaneous leish-
maniases are widely distributed in diﬀerent parts of Ethiopia. The aim of this study was to determine the di-
versity and altitudinal distribution of phlebotomine sand ﬂies from Kafta Humera to Gondar town in northwest
Ethiopia.
Methods: Seven localities were selected with distinct altitudinal variations between 550 m above sea level (m
a.s.l) and 2300 m a.s.l. In each locality, sand ﬂies were collected using standard CDC light traps and sticky traps
during the active sand ﬂy season from December 2012 to May 2013. Shannon-Weiner species diversity index and
Jaccard’s coeﬃcient were used to estimate species diversity and similarity between altitudes and localities,
respectively.
Results: A total of 89,044 sand ﬂies (41,798 males and 47, 246 females) were collected from the seven localities/
towns throughout the study period. Twenty-two species belonging to 11 species in the genus Phlebotomus and 11
species in the genus Sergentomyia were documented. Of these, Sergentomyia clydei (25.87%), S. schwetzi
(25.21%), S. africana (24.65%), S. bedfordi (8.89%), Phlebotomus orientalis (6.43%), and S. antennata (4.8%) were
the most prevalent species. The remaining 10 Phlebotomus species and six Sergentomyia were less frequent cat-
ches. In CDC light trap and sticky trap, higher species diversity and richness for both male and female sand ﬂies
was observed at low altitude ranging from 550 to 699 m a.s.l in Adebay village in Kafta Humera district whereas
low species richness and high evenness of both sexes were also observed in an altitude 1950–2300 m a.s.l.
Conclusion: The results revealed that the presence of leishmaniasis vectors such as P. orientalis, P. longipes, P.
papatasi, and P. duboscqi in diﬀerent altitudes in northwest Ethiopia. P. orientalis a vector of L. donovani, occurred
between altitude 500–1100 m a.s.l, the area could be at high risk of VL. P. longipes a vector of L. aethiopica, was
recorded in the highland area in Tikil-Dingay and Gondar town, implicating the possibility of CL transmission.
Hence, further investigation into vector competence in relation to leishmaniasis (VL and CL) in the region is very
vital.
1. Introduction
Phlebotomine sand ﬂies are involved in the transmission of leish-
maniases, sand ﬂy fever and bartonellosis in the tropical and
subtropical regions of the Old and New Worlds. In the Old World,
phlebotomine sand ﬂies belong to three genera: Phlebotomus,
Sergentomyia and Chinius. Only species occurring in the genus
Phlebotomus are responsible in the transmission of leishmaniasis and
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sand ﬂy fever in the Old World (Lane, 1993; WHO, 2010).
Leishmaniasis exist in two main clinical forms: visceral leishma-
niasis (VL) and cutaneous leishmaniasis (CL) which both occur in dif-
ferent parts of Ethiopia. Cutaneous leishmaniasis is caused by three
diﬀerent Leishmania species: L. aethiopica, L. major and L tropica, how-
ever, CL due to L. aethiopica is by far the most widespread and im-
portant disease in Ethiopia (Hailu et al., 2006). The estimated annual
incidence of CL is about 20,000–50,000 cases with a population of
about 28 million at risk (Alvar et al., 2012; Tsegaw et al., 2013). It
mainly occurs between 1400 and 2900 m a.s.l (Wilkins, 1972; Ashford
et al., 1973; Hailu et al., 2006). In contrast, VL is mainly found in the
peripheral low land areas of the south, southwest, north and northwest
Ethiopia (1500 m a.s.l) (Hailu et al., 2006) but has recently been
emerged in highland areas ranging from 1800 to 2000 m a.s.l (Alvar
et al., 2007; Herrero et al., 2009). The estimated annual incidence of VL
is between 3700 and 7400 cases (Alvar et al., 2012; Deribe et al., 2012),
and the population at risk is about 3.3 million in Ethiopia (Tsegaw
et al., 2013).
In Ethiopia, at least 22 species of Phlebotomus have been docu-
mented, of which eight species have been proved or suspected as vec-
tors of CL and VL, P. martini, P. orientalis and P. celiae are vectors of VL
due to L. donovani while P. longipes, P. pedifer are vectors of L. aethiopica
(CL), P. duboscqi is vector of L. major (CL) and L. tropica (CL) trans-
mission is associated with P. sergenti and P. saevus (Gebre-Michael et al.,
2004a; Hailu et al., 2006; WHO, 2010). With regards to the distribution
of vectors of VL, they are widely spread in diﬀerent ecological settings.
Two species of the subgenus Synphlebotomus P. martini and P. celiae and
another related species P. vansomernae (its role yet unknown) are as-
sociated withMacrotermes termite mounds (Minter, 1964; Gebre-Gebre-
Michael and Lane, 1996; Marlet et al., 2003). These are generally found
in the southern parts of the country, but P. martini have been found as
far north as Thatay Adiabo district in Tigray Region (Gebresilassie
et al., 2015). Phlebotomus orientalis which is the most likely VL vector in
north and northwest Ethiopia (Hailu et al., 1995; Gebre-Michael et al.,
2010) is mostly distributed in areas where there are Acacia-Balanites
vegetation and cracking black cotton clay soil (verstisol) as in Sudan
and South Sudan (Hoogstraal and Heyneman, 1969; Elnaiem et al.,
1999). In Ethiopia, P. orientalis has an extensive geographical dis-
tribution much more than the distribution of the disease (Gebre-
Michael et al., 2004b).
Phlebotomine sand ﬂies are widely distributed along diﬀerent ele-
vation gradients. The density of sand ﬂies at higher and lower altitudes
is dependent on diﬀerent environmental and climatic conditions. The
distribution and abundance of sand ﬂy vectors and human and/or re-
servoir hosts are aﬀected by various physical factors (temperature, rain
fall, humidity, altitude, latitude, surface water and wind) and biotic
factors (vegetation, host species, predators, competitors, parasites and
human interventions) (Lane, 1993; Rohr et al., 2011). All of these
factors also aﬀect the spatial and temporal distribution of vectors and
reservoirs, which in turn aﬀect the epidemiology and dynamics of pa-
thogen transmission to the human population (Rohr et al., 2011).
Knowledge on diversity and altitudinal distribution of sand ﬂies are
very vital to predict the impact of environmental modiﬁcation, the in-
creasing seasonal labourer migration (from non-endemic to endemic
areas and the vice versa) and climate change on the dynamics of vector
population. Currently, cases of VL and CL have been reported in dif-
ferent parts of the country, showing that both diseases are spreading in
previously non-endemic areas. A few years ago, few cases of VL were
diagnosed in Gondar town (2300 m a.s.l) in children who have never
been out of the town (Prof A. Hailu). VL cases have also been detected
in some districts between Kafta Humera and towns near Gondar towns
(e.g. Dansha, Sorkoa, Sanja) (Humera Hospital, unpublished),
1000–2000 cases occur annually in Kafta Humera-Metema plains
(Ngure et al., 2009). In Kafta Humera, a case-control study showed that
daily individual activities around home and farm ﬁelds during night
times and poor housing conditions are important for VL transmission
(Yared et al., 2014). The spreading of VL and CL in the country may be
due to environmental change, demographic, host and human activity
factors (Desjex, 2001). As well, the distribution and abundance of the
sand ﬂy vector are also enhancing the transmission of the disease
(Desjex, 2001).
Determining, the faunistic composition and distribution patterns of
phlebotomine sand ﬂies can indicate the possible presence of auto-
chthonous transmission and/or can aid in the incrimination of the
vector species. It is essential to know the distribution of sand ﬂies along
various altitudinal gradients for continuous monitoring of VL and CL
vectors in the study areas. Therefore, the present study was undertaken
to determine species composition, distribution, diversity, altitudinal
and ecological relationships of sand ﬂies in representative localities
between Kafta Humera (lowland) and Gondar town(highland)in
northwest Ethiopia.
2. Material and methods
2.1. Study localities between Kafta Humera and Gondar
The study was conducted in a transect from Kafta Humera district to
Gondar town (Fig. 1) because the sites represents a wide altitudinal
range in a relatively compact and well deﬁned geographical area. For
this purpose, seven localities (Adebay, Dansha, Soroka, Ashere, Sanja,
Tikil-Dingay and Gondar) were selected with distinct altitudinal var-
iations between the two major localities along a transect on the main
paved road between Humera and Gondar towns (Table 1). Additional
criteria for selection were accessibility, security and availability of
minimal accommodation/subsistence facilities. The altitude varied
from 550 m a.s.l in Kafta Humera to 2300 m a.s.l in Gondar.
2.1.1. Adebay (Kafta Humera district)
Kafta Humera district is found in Western Tigray Zone, Northwest
Ethiopia. It is situated at about 967 km from Addis Ababa. The district
is mostly ﬂat plain at altitudes of 550–699 m a.s.l. The villages are
surrounded by uniform agricultural ﬁelds. Most of the natural vegeta-
tion in the Humera lowlands has been cleared for the extensive com-
mercial agricultural practices, leaving only scattered Acacia and
Balanites trees with neem (Azardirachta indica) grown commonly in
urban areas as shade trees. Temperature rises to a maximum average of
42 °C between April and June and falls to between 25 and 35 °C during
the moderate months between June and February. Crop production is
exclusively dependent on the unimodal precipitation (average annual
rainfall is 400–650 mm), which runs from July to September
(Gemetchu et al., 1975).
2.1.2. Dansha town (Tsegede district, Western Tigray)
This is a small town situated about100kms from Setit Humera and
150 km from Gondar at altitude range of 700–799 m a.s.l. It is semi-arid
with vertisol type of soil. Sesame and livestock are main the income
sources in the area. The vegetation comprises Acacia trees and mixed
forest.
2.1.3. Soroka (Tegede district, North Gondar Zone, Amhara region)
It is a semi- urban area about 125 km from Setit Humera and
125 km from Gondar town. It is located at altitude 800–849 m a.s.l.
Livestock and sesame and sorghum farming are the main economic
activities. Acacia, Balanites and Boswellia (incense) trees are common,
although much of the natural vegetation has been cleared for farming,
fuelwood and constructions (huts and fences). Angerib River passes
through the village to join the Atbara River system in the eastern Sudan.
2.1.4. Ashere (Tach Armachiho district, North Gondar Zone, Amhara
region)
This is a small town about 155 km from Setit Humera and 95 km
from Gondar. It is located at altitudes of 850–920 m a.s.l. The
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vegetation and economic activities are similar to other small towns
described above. Ashere is semi-arid with warm temperature during the
dry season and it has vertisol soil type.
2.1.5. Sanja town (Tach Armachiho district, North Gondar Zone, Amhara
region)
It is a small town situated at 950–1100 m a.s.l and 200 km from
Setit Humera and 50 km from Gondar town. The annual rainfall is
300 mm to 750 mm with slight rains in April and May and heavy rains
in July and August. Sanja town is semi-arid area with temperature
ranging from 29 °C to 31 °C. Livestock and cash crop production are the
main economic activities.
2.1.6. Tikil-Dingay(Lay Armachiho district, North Gondar Zone, Amhara
region)
It is a small semi-urban village at about 1950–21000 m a.s.l and
located about 225 km from Setit Humera and 25 km from Gondar. It is
surrounded by a mountainous ridge where rock hyraxes are occasion-
ally observed. The natural vegetation is almost non-existent, with
Eucalyptus trees and shrubs being common on the periphery.
2.1.7. Gondar Town (North Gondar, Amhara region)
It is situated about 250 km from Setit Humera and with altitudes of
2200–2300 m a.s.l. The town is mountainous with many Eucalyptus
trees.
2.2. Sand ﬂy collections
In each of the seven study sites, sand ﬂies were collected using
standard CDC light traps (LTs) and sticky traps (STs) during the active
sand ﬂy season from December 2012 to May 2013 (6 months). Sand ﬂy
collections were performed for 1–2 nights per month in each study site
during the ﬁrst and second weeks. A total of 362 LTs were used for 72
nights during the six months. Traps were suspended 0.4–0.5 m above
the ground level and were deployed about 100–200 m apart. Traps
were placed in diﬀerent habitats in each locality based on the type of
geographical setting. In Adebay, two LTs were placed in each habitat:
inside the village, periphery of the village and agricultural farm ﬁelds.
In Dansha, Soroka, Ashere and Sanja localities, two LTs were deployed
in the domestic and peri-domestic habitat (near houses and animal
shelter), in farm ﬁelds (close to the small towns) and in the forest
(Acacia trees). In the same way sand ﬂies in Tikil Dingay were sampled
from peridomestic, forest and rocky hyrax habitats while in Gondar
town collection sites were around peridomestic and rocky gorges
(Fig. 2).
A4-sized white polypropylene boards were coated with sesame oil
for use as sticky traps (STs) and sand ﬂies were collected from a total of
2, 589 STs in 72 nights during the six months observation period. For
indoor collections, ﬁve STs per house in 2 houses per locality per night
were used. These were tied serially about 30–40 cm apart with a nylon
string and suspended by the wall. For outdoor collections, 10 STs were
placed per site per night, which were also tied serially as above with a
nylon string and were placed vertically over diﬀerent habitats in each
locality. STs were set in various locations at each study site. In Adebay
ST collections were made from indoors, around human dwellings (in-
side and periphery of the village) and agricultural farm. In Dansha,
Soroka, Ashere and Sanja localities, STs were placed indoors, domestic
and peridomestic habitats, agricultural farms, termite hills and Acacia
trees. In Tikil Dingay, STs were set indoors, inside village, peridomestic
and rocky habitats. In Gondar town, STs were deployed in peridomestic
Fig. 1. Map showing study villages on the main road from Kafta Humera to Gondar town.
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habitats and gorges. Sand ﬂies were collected from the sticky traps with
needles or Acacia thorns.
Both LTs and STs were placed at 18:00 h and were collected in the
following morning. Sand ﬂies were brought to the ﬁeld laboratory
where they were transferred from cages, to test tubes and stored in
absolute alcohol until later mounting and identiﬁcation to species.
2.3. Processing, mounting and identiﬁcation of sand ﬂies
All collections of sand ﬂies were preserved in absolute alcohol. The
head and abdominal tip of each sand ﬂy were removed and mounted on
slides using a drop of Hoyer medium for species identiﬁcation. All
phlebotomine sand ﬂies (males and females) from LTs and STs were
slide mounted and identiﬁed to species based on cibarial and phar-
yngeal armature as well as spermathecae of females and external gen-
italia of males using morphological keys (Quate, 1964; Abonnenc and
Minter, 1965; Lewis, 1982; Lane and Fritz, 1986; Lane, 1993; Gebre-
Michael and Medhin, 1997).
2.4. Data analysis
All data were entered in excel sheet and statistical analysis was
performed with SPSS version 20.0 software (SPSS Inc., Chicago, IL,
USA). Nonparametric Kruskal-Wallis test (KW) was used to compare
sand ﬂy abundance between traps. Spearman’s nonparametric correla-
tion was performed between densities of Phlebotomus species and alti-
tude. Shannon-Weiner species diversity index and Jaccard’s coeﬃcient
was used to estimate species diversity and similarity between altitudes,
respectively (Doha and Samy, 2010; Belen and Alten, 2011). Species
diversity is a measure of diversity within an ecological community that
encompasses both species richness and evenness of species abundance
(Hamilton, 2005). Species richness is the number of species in a par-
ticular area or environment, whereas, species evenness refers how close
each species in number (abundance) are in the same area (Hamilton,
2005; Simsek et al., 2007).
3. Results
3.1. Sand ﬂy species composition
A total of 89,044 sand ﬂies (41,798 males and 47, 246 females)
were collected using CDC light traps and sticky traps from the seven
localities/towns (Table 2). Twenty two species belonged to 11 species
in the genus Phlebotomus and the same number of species in Sergento-
myia were recorded . Among these, S. clydei (25.87%), S. schwetzi
(25.21%), S. africana (24.65%), S. bedfordi (8.89%), P. orientalis
(6.43%), and S.antennata (4.8%) were the most prevalent species. The
remaining 10 Phlebotomus species and six Sergentomyia were either less
frequent or very rare.
The Kruskal-Wallis test indicated that the abundance of males and
females phlebotomine sand ﬂies were signiﬁcantly diﬀerent between
LTs and STs (P < 0.001). LT collected more number of sand ﬂies than
STs from Kafta Humera to Gondar (Table 2). The distribution and
abundance of males and females phlebotomine sand ﬂies were showed
variation between study sites and altitudes (Table 3). Sergentomyia
africana, S. bedfordi, S. schwetzi, S. squamipleuris and S. clydei were re-
corded from all study areas and altitudes in the transect. On the other
hand, P. orientalis, P. rodhaini and P. bergeroti, were the next wide
speared species but absent in two of the study sites at higher altitudes in
Tikil-Dingay and Gondar town (> 2000 m a.s.l). The numbers of spe-
cies were much higher in the low altitude areas than the high altitude
localities. Thus, 17 species were recorded in Adebay (Humera)
(550–699 m a.s.l) and 12–14 species in Dansha, Soroka, Ashere and
Sanja (700–1100 m a.s.l). At higher altitudes, less number of species
were recorded where only three Phlebotomus species namely P. longipes,
P. gibiensis and P. saevus were documented, the only exception was P.Ta
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duboscqi with a single specimen collected in Tikil-Dingay (Table 3).
3.2. Species diversity
There were diﬀerences in species diversity of phlebotomine sand
ﬂies as indicated by the values of Shannon-Wiener index (H), evenness
(E), and richness (S) of the sand ﬂy fauna along the study areas
(Table 4). Higher species diversity and species richness was observed in
Adebay but it showed lower species evenness as compared to other
localities with the exception of Sorkoa in the case of ST collections of
both sexes. For LTs collections, lower species evenness was found in
Soroka for both male and female sand ﬂies. The highest species even-
ness was observed in Gondar for both sexes and collection methods. In
Gondar, there was low species diversity and richness of both male and
female sand ﬂies from collections of STs and only in females from LT
catches.
In terms of altitude, there was also a signiﬁcant diﬀerence in the
diversity of the sand ﬂy fauna as indicated by the values of Shannon-
Weiner index (H) (Table 4). The richness and diversity was maximal
between 550 and 699 m a.s.l altitude in both collection methods (Male:
LT: H = 1.72, E = 0.66, S = 17 and ST: H = 1.73, E = 0.64, S = 15;
females: LT: H = 1.87, E = 0.64, S = 15 and ST: H = 1.87, E = 0.64,
S = 14). In both traps, the least species diversity was observed at
700–849 m a.s.l for males (LT: H = 1.47, ST: 1.42) and 1950–2300 m
a.s.l for females (LT: H = 1.61, ST: H = 1.53). Relatively low species
richness and high evenness was also observed at altitude 1950–2300 m
a.s.l for both sexes and LTs and STs.
The sand ﬂy species similarity result of Jacard’s coeﬃcient (IJacard)
between the altitudes is presented in Table 5. The similarity in sand ﬂy
species was 87% for males and 88% for females between the altitude
550–699 m a.s.l and 700–849 m a.s.l. The similarity between 700 and
Fig. 2. Sand ﬂies collection sites from Humera to Gondar transect.
A) Adebay(Sesame farm), B) Soroka(Rice ﬁeld), C) Ashere(Acacia trees), D) Tikil-Dingay(Hyrax habitat).
Table 2
Number and relative abundance of sand ﬂies species in the study areas based on LTs and
STs (Dec. 2012-May 2103).
Species LTs STs Overall Total (%)
M F M F
P. orientalis 2374 1066 1527 759 5726(6.43)
P. longipes 36 28 3 0 67(0.08)
P. gibiensis 6 3 0 0 9(0.01)
P. papatasi 226 116 197 101 640(0.72)
P. duboscqi 47 32 54 39 172(0.19)
P. bergeroti 67 39 47 34 187(0.21)
P. saevus 1 0 0 0 1(0.001)
P. alexanderi 8 8 4 0 20(0.02)
P. rodhaini 28 33 10 5 76(0.09)
P. lesleyae 178 100 178 100 556(0.62)
P. heischi 47 38 8 7 100(0.11)
S. africana 5694 6554 4462 5237 21,947(24.65)
S. bedfordi 1089 3073 1048 2702 7912(8.89)
S. schwetzi 6126 5909 5397 5013 22,445(25.21)
S. squamipleuris 41 803 47 515 1406(1.58)
S. clydei 6985 6604 4923 4520 23,032(25.87)
S. antennata 548 1981 359 1398 4286(4.81)
S. dubia 0 134 0 151 285(0.32)
S. adleri 22 87 11 49 169(0.19
S. collarti 0 4 0 0 4(0.004)
S. calcarata 0 3 0 0 3(0.003)
S. adami 0 0 0 1 1(0.001)
Total 23,523 26,615 18,275 20,631 89,044(100)
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849 m a.s.l and 850–1100 m a.s.l reached 92% for males and 81% for
females and between 700 and 849 m a.s.l and 1950–2300 m a.s.l was
44% and 35% for males and females respectively. The similarity be-
tween 850 and 1100 m a.s.l and 1950–2300 m a.s.l reached 40% and
38% for males and females respectively (Table 5).
P. orientalis distributed between the altitudes of 550 m a.s.l and
1100 m a.s.l and its distribution showed a high negative correlation
with altitude (LT: Male: r =−0.71, female: r =−0.67; ST: male:
r =−0.47′ female: r =−0.49). Similarly, distribution of both sexes of
the three sympatric and related species P .papatasi, P. bergeroti and P.
duboscqi showed signiﬁcant negative correlation with altitude for both
traps. On the other hand, presence of P. longipes was signiﬁcantly and
positively correlated with altitudes in LT collections (Male: r = 0.45,
female: r = 0.40) (Table 6).
4. Discussion
Understanding the distribution of sand ﬂy vectors is very essential
to determine transmission dynamics of leishmaniasis. In this regard,
this study documented the species composition, diversity and altitu-
dinal distribution of phlebotomine of sand ﬂies in diﬀerent districts
along an altitudinal transect from low (550 m a.s.l) to high altitudes
(2300 m a.s.l) between Humera and Gondar Town in northwest
Ethiopia which is the ﬁrst of its kind in the country. Although 22 species
of sand ﬂies were found, some of the species were already known to
occur in the lowlands of Humera and Metema districts (Gemetchu et al.,
1975; Gemetchu, 1983; Gebre-Michael et al., 2010; Yared et al., 2017).
Phlebotomus orientalis, a vector of VL in the study areas, showed
strong negative correlation with altitudes. This species occurred in lo-
calities between the altitude ranges of 550 m a.s.l and 1100 m a.s.l, and
was absent in two high altitude (1950–2300 m a.s.l) localities (Tikil-
Dingay and Gondar) with mountainous and hilly topography. It was the
most abundant in Adebay, a locality with the lowest altitude. This
species was previously reported from northwest and northeast Ethiopia
(Ashford, 1974; Gebre-Michael et al., 2004a; Gebre-Michael et al.,
2007; Gebre-Michael et al., 2010; Yared et al., 2017). The distribution
of this species has wide climatic and altitudinal variability in East Africa
(Gebre-Michael et al., 2004b) occurring at altitudinal ranges of
200–2200 m a.s.l, with annual temperature of 16–36 °C and annual rain
fall of 180–1050 mm. A study based on logistic regression model in-
dicated that mean annual maximum daily temperature and soil type are
the most important ecological determinants for the distribution of P.
orientalis in Sudan (Thomson et al., 1999) although a single soil type
(vertisol) did not come out as important in Ethiopia, as many soil types
were associated with the distribution of P. orientalis (Gebre-Michael
et al., 2004b). Based on the risk model analysis, Tsegaw et al. (2013)
showed that the lowlands of north western Ethiopia fall in the high and
very high risk areas of VL.
Phlebotomus longipes and P. gibiensis had a signiﬁcant positive cor-
relation with altitude. The occurrence of P. longipes in two localities
(Tikil-Dingay and Gondar) at high altitudes was not unexpected and
had previously been recorded in Gondar Town. The species is one of the
vectors of CL (L. aethiopica) in much of the Ethiopian highlands (Foster,
1972; Ashford et al., 1973; Hailu et al., 2006). However, the occurrence
of P. saevus and P. gibiensis in localities with over 2000 m a.s.l was
unexpected. The two species have so far been recorded at altitudes
ranging between 700 and 1700 m a.s.l in the Rift valley and outside the
Rift valley associated with rocky habitats of hyraxes (Ashford, 1974;
Balkew et al., 2002), P.saevus was found infected with L. tropica (CL) in
the Awash Valley (Gebre-Michael et al., 2004a).
The occurrence of the three closely related species, P. papatasi, P.
duboscqi and P. bergeroti sympatrically in localities of the lower altitude
(550–1100 m a.s.l) was in agreement with previous reports from the
region (Gebre-Michael et al., 2010; Yared et al., 2017) and the neigh-
bouring Sudan (Hoogstraal and Heyneman, 1969). However, the oc-
currence of P. duboscqi in Tikil-Dingay of high altitude, though only aTa
bl
e
4
Th
e
Sh
an
no
n-
W
ei
ne
r
di
ve
rs
it
y
in
de
x
(H
),
ev
en
ne
ss
(E
)
an
d
ri
ch
ne
ss
(S
)
fo
r
th
e
sa
nd
ﬂ
y
in
di
ﬀ
er
en
t
di
st
ri
ct
s
an
d
at
di
ﬀ
er
en
t
al
ti
tu
de
ra
ng
es
in
th
e
no
rt
hw
es
t
Et
hi
op
ia
.
Lo
ca
lit
ie
s
LT
s
ST
s
H
′
S
E
H
′
S
E
M
F
M
F
M
F
M
F
M
F
M
F
A
de
ba
y
1.
72
1.
87
15
17
0.
64
0.
66
1.
73
1.
87
15
14
0.
64
0.
71
D
an
sh
a
1.
5
1.
69
12
13
0.
60
0.
66
1.
48
1.
71
9
9
0.
67
0.
78
So
ro
ka
1.
42
1.
59
11
13
0.
59
0.
62
1.
33
1.
56
8
9
0.
64
0.
71
A
sh
er
e
1.
47
1.
77
12
14
0.
59
0.
67
1.
37
1.
61
7
9
0.
70
0.
73
Sa
nj
a
1.
49
1.
75
10
12
0.
65
0.
70
1.
56
1.
72
9
8
0.
71
0.
83
Ti
ki
l-D
in
ga
y
1.
56
1.
59
10
8
0.
68
0.
76
1.
45
1.
53
7
7
0.
75
0.
79
G
on
da
r
1.
53
1.
55
7
6
0.
79
0.
87
1.
26
1.
4
5
5
0.
78
0.
87
A
lt
it
ud
es
(m
a.
s.
l)
H
′
S
E
H
′
S
E
M
F
M
F
M
F
M
F
M
F
M
F
55
0–
69
9
1.
72
1.
87
15
17
0.
64
0.
66
1.
73
1.
87
15
14
0.
64
0.
71
70
0–
84
9
1.
47
1.
66
13
15
0.
57
0.
61
1.
42
1.
65
11
10
0.
59
0.
72
85
0–
11
00
1.
5
1.
78
11
14
0.
63
0.
67
1.
47
1.
68
9
8
0.
67
0.
81
19
50
–2
30
0
1.
61
1.
61
10
8
0.
7
0.
77
1.
44
1.
53
7
7
0.
74
0.
79
K
ey
:M
=
M
al
e,
F
=
Fe
m
al
e,
H
'=
Sh
an
no
n-
W
ei
ne
r
in
de
x,
S
=
Sp
ec
ie
s
ri
ch
ne
ss
,E
=
Ev
en
ne
ss
.
S. Yared et al. Acta Tropica 176 (2017) 1–10
7
single specimen, was unusual. The highest altitude so far recorded for P.
duboscqi in Ethiopia was about 1800 m a.s.l in Arbaya (northern
Ethiopia) (Ashford, 1974). P. papatasi and P.dubocqui species are known
vectors CL due to L. major in sub-Saharan Africa, and P. papatasi is more
important in North Africa, the Mediterranean and Asia (WHO, 2010). L.
major is so far unknown in northwest Ethiopia, while it is an important
problem in Sudan, West Africa, North Africa and the Middle East
(WHO, 2010). In the present study, P. papatasi was the second abundant
among the three species. This species was found at altitudinal ranges of
550–1100 m a.s.l and occurred with decreasing altitudinal gradient
along the study areas. Similarly, in Morocco P. papatasi showed a ne-
gative correlation with altitude (r =−0.82) (Guernaoui et al., 2006)
being present at altitudes between 400 and 600 m a.s.l, and absent from
1200 m a.s.l (Guernaoui et al., 2006). In Saudi Arabia, high densities of
P. papatasi were found between 800 and 1200 m a.s.l (Doha and Samy,
2010).
The record of P. rodhaini in all localities (< 1100 m a.s.l) except the
highlands is signiﬁcant although not very numerous. This species has
been recently found infected with L. donovani in eastern Sudan close to
the Ethiopian border (Elnaiem et al., 2011). The two closely related
species, P. lesleyae and P. heischi were sympatric in the lowest altitude
village, Adebay (Humera), where the former was more abundant, but P.
heischi was allopatric occurring up to Sanja (1100 m a.s.l). The two
species have previously been recorded in northwest Ethiopia
(Gemetchu et al., 1975; Yared et al., 2017) and at least one of them (P.
heischi) as high as 1800 m a.s.l in Arbaya (northern Ethiopia) (Ashford,
1974) and is also known to bite humans (Hoogstraal and Heyneman,
1969), but their role as vectors of leishmaniais is not yet known.
The species of Sergentomyia accounted for 91.5% of the entire sand
ﬂy collection (n = 89,044), with only 8.5% from the genus Phlebotomus
using both LT and ST traps. This showed that the population densities of
the Phlebotomus species were relatively very low in numbers as com-
pared with the species of the genus Sergentomyia. Sergentomyia spp. are
generally rich in species and number in Africa south of Sahara and
Southeast Asia and often overwhelm the Phlebotomus species (Lane,
1993). The reverse is true in most of the Palaearctic region (Simsek
et al., 2007). Sergentomyia species are not associated with human dis-
ease transmission, although some species are known to bite humans
(Lane, 1993). Previous work, by Gebre-Michael and Lane (1996) found
17 Sergentomyia species between the altitude ranges of 1400–1550 m
a.s.l in southern Ethiopia. Some of the species recorded in the present
study have also been previously reported from Sudan (Quate, 1964;
Hoogstraal and Heyneman, 1969). In, contrary to the distribution of
Phlebotomus species, the ﬁve most common Sergentomyia species (S.
schwetzi, S. clydei, S. africana, S. bedfordi, and S. squamipleuris) were
found in all localities/towns from the low to high altitude, although at
lower densities with increased altitude. This indicates altitude alone
may not be a selective factor. Ashford (1974) reported the greatest
number of Sergentomyia species at altitudes below 1300 m a.s.l.
A clear diﬀerence was observed in the species richness and diversity
Table 5
The similarity of phlebotomine sand ﬂies of Jaccards coeﬃcient between altitudes in the northwest Ethiopia.
Altitudes (m a.s.l) Jaccards coeﬃcient
M F
550–699 700–849 850–1100 1950–2300 550–699 700–849 850–1100 1950–2300
550–699 1 0.87 0.8 0.39 1 0.88 0.72 0.32
700–849 0.87 1 0.92 0.44 0.88 1 0.81 0.35
850−1100 0.8 0.92 1 0.4 0.72 0.81 1 0.38
1950–2300 0.39 0.44 0.4 1 0.32 0.35 0.38 1
Table 6
The Spearman’s correlation coeﬃcient between densities of sand ﬂies and altitude.
spp LTs STs
M F M F
r P r P r P r P
P. orientalis −0.70 <0.001 −0.67 < 0.001 −0.47 < 0.001 −0.49 <0.001
P. longipes 0.45 <0.001 0.40 < 0.001 0.13 0.048 – –
P. gibiensis 0.21 0.004 0.12 0.123 – – – –
P. papatasi −0.61 <0.001 −0.50 < 0.001 −0.58 < 0.001 −0.51 <0.001
P. duboscqi −0.47 <0.001 −0.41 < 0.001 −0.43 < 0.001 −0.41 <0.001
P. bergeroti −0.45 <0.001 −0.40 < 0.001 −0.44 < 0.001 −0.35 <0.001
P. saevus 0.08 0.281 – – – – – –
P. alexanderi −0.26 <0.001 −0.25 0.001 −0.20 0.002 – –
P. rodhaini −0.19 0.012 −0.16 0.032 −0.04 0.501 −0.10 .103
P. lesleyae −0.49 <0.001 −0.49 < 0.001 −0.43 < 0.001 −0.42 <0.001
P. heischi −0.14 0.067 −0.11 0.124 −0.14 0.028 −0.03 .663
S. africana −0.61 <0.001 −0.55 < 0.001 −0.52 < 0.001 −0.41 <0.001
S. bedfordi −0.32 <0.001 −0.19 0.011 −0.28 < 0.001 −0.20 0.002
S. schwetzi −0.74 <0.001 −0.67 < 0.001 −0.61 < 0.001 −0.61 <0.001
S. squamipleuris −0.11 0.127 −0.12 0.122 −0.05 0.408 −0.08 0.199
S. clydei −0.74 <0.001 −0.73 < 0.001 −0.57 < 0.001 −0.57 <0.001
S. antenata −0.33 <0.001 −0.28 < 0.001 −0.21 0.001 −0.25 <0.001
S. dubia – – −0.32 < 0.001 – – −0.40 <0.001
S. adleri −0.26 <0.001 −0.26 < 0.001 −0.17 0.008 −0.26 <0.001
S. collarti – – −0.17 0.025 – – – –
S .calcarata – – 0.024 0.749 – – – –
S. adami – – – – – – 0.07 0.271
Total −0.77** < 0.001 −0.67** < 0.001 −0.64** < 0.001 −0.583** < 0.001
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of sand ﬂy fauna, in both the localities and altitudes. The species
richness and diversity was the highest in Kafta Humera districts
(Adebay village) with the lowest altitude (550–699 m a.s.l) where 17 of
22 species recorded were present here. Sand ﬂy distributions could be
aﬀected by climate change and by the variation of ecological conditions
due to the changing land-use and settlements (Guernaoui et al., 2005).
Previous studies in southern Turkey, the High-Atlas Mountains (Mor-
occo) and Saudi Arabia have revealed that species composition and
diversity are directly related to altitudinal variations (Guernaoui et al.,
2006; Simsek et al., 2007; Doha and Samy, 2010). For instance, in
southern Turkey, the highest species diversity was found at altitudinal
ranges of 400–600 m a.s.l whereas high species richness was recorded
in the range of 0–200 m a.s.l (Simsek et al., 2007). In the High-Atlas
Mountains, high species diversity and richness has been found between
at altitudinal ranges of 800–999 m a.s.l (Guernaoui et al., 2006),
whereas Doha and Samy (2010) reported high species richness and
diversity at altitudinal range of 800–1200 m a.s.l in Saudi Arabia. In
contrast, Faraj et al. (2013) have recorded a high diversity at 1500 m
a.s.l in Saharan area in Morocco. There was no signiﬁcant correlation
between the abundance of sand ﬂies and altitude in Cukurova region of
Turkey (Belen and Alten, 2011). The Shannon-Weinner index indicated
no diﬀerence between the diversity and abundance of sand ﬂies at
diﬀerent altitudes. This diversity and evenness reached maximum va-
lues at 500 m a.s.l (Belen and Alten, 2011). Others suggested that al-
titude has an inﬂuence upon the spatial distribution and density of the
sand ﬂy vectors (Guernaoui et al., 2006).
Sand ﬂy distributions are highly diﬀerent within diﬀerent altitude
ranges in the study area. Their distributions are highly dependent on
local environmental factors such as temperature, rain fall and relative
humidity as well as physical factors like geographical barriers and ha-
bitat availability and also abiotic factors such as the distribution and
abundance of vertebrate hosts (Cross et al., 1996; Ghosh et al., 1999).
Our study also revealed that altitude inﬂuences the spatial distribution
of sand ﬂies in the study area. However, it seems that altitude by itself is
not considered as ecological factor but the associated climatic varia-
bility and other biotic and abiotic factors of the environment are highly
correlated with altitudinal gradients (Simsek et al., 2007). Furthermore,
the geographical and ecological diversity of the region provides large
number of sand ﬂies. Hence, the result of this study has clear implica-
tions for our general understanding of the biology of sand ﬂy species
and their distributions as well as for predicting the risk of VL and CL.
In conclusion, the sand ﬂy fauna in northwest Ethiopia with various
altitude range are diverse with 22 species. Our data showed that P.
orientalis occurred between altitude 500–1100 m a.s.l in northwest
Ethiopia. As a result, the area could be at high risk of VL possibility of
new outbreaks in the area. However, no P. orientials was recorded be-
tween altitude 1950–2300 m a.s.l due to mountainous and hilly topo-
graphy. The presence of species of subgenus Phlebotomus (P. papatasi, P.
duboscqi and P. bergeroti) in the area revealed that the epidemiological
importance of these species in the region and underscores the need of
further studies, such as investigations into vector competence.
Phlebotomus longipes is considered to be proven vector of L. aethiopica in
the country and this species was recorded in the highland area in Tikil-
Dingay and Gondar town. Reservoir hosts are also present and the
protozoon parasites could eventually be integrated into this complex
environment and there is high possibility to produce the diseases in
humans in the area. This observation may contribute to the under-
standing of leishmaniasis transmission in northwest Ethiopia.
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